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ABSTRACT

This document contains the results of a modification to the
Software Portability Study, Delivery Order Number 9 to Contract DAHC26-D-13-.
This study concentrated on determining the procedures required to convert
software systems written in COBOL in accordance with IJSACSLC standards
to a portable COBOL, Florida 74. A further conversion from the Portable
Standard COBOL (PSC) to a COBOL executable on the Digital Equipment
Corporation (CDEC) PDP 11/70 minicomputer was studied and is presented.

FORWARD

This document was prepared under the authority of USACSC Contract
Number DAHC26-76-D-l004, and was prepared by SAI Comsystems for the U.S.
Army Computer System Coummand. This study reports the COBOL software
study.

DISCLAIMER

The findings of this report are not to be considered as an official
Department of the Army position unless so designated by other authorized
documents.•
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CHAPTER I

OVERVIEW

1.1 INTRODUCTION

The United States Army Computer Systems Command (USACSC) has for

many years been developing and maintaining software systems for use

throughout the army. The majority of these software systems have been

written in COBOL and executed on IBM 360 systems. Due to the rapid

advances in computer hardware, the competitive nature of the computer

industry and federal government computer procurement practices, it is

reasonable to expect that the present software systems will be required

to be executed on hardware for which they were not developed. With

this in mind, a greater emphasis is being placed on software transport-

ability within the USACSC.

1.2 PORTABILITY

1.2.1 By definition, software portability implies the degree of

executability of a high-level language program in multiple and/or

varied computer environments. That is, if a program is executable in

a foreign environment from which it was developed with minimal or no

modification, it is considered to be portable; otherwise, the program

j'; not p'ortable.

1.2.. Program portability involves many aspects of data processing.
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Briefly, to cite a few:

- Compatability among computer wndors,

- Compiler compatability for a given high-level languagt-.

- Compiler compatability within the same vendor and, or t-r vciicrs.

- Compatability of a given high-level language as used in var:

computer environments.

- Program application.

- Determination of the degree to which a pro gran is or is not port-

able. (That is, if modification is required, how much modifica-

tion is too much; how many speciAl cases 'ihould be incorporated

into considerations for portability).

- Determination of a universally cxecutable instruction subset of

a high-level language.

- Program dependency on the computer environment.

- Degree of program interdependence with Job Control Language.

- Degree of programmed system dependent device specification.

- Variability in special features such as internal sorts, internal

merges, CALL's, etc.

- Compatibility between operating systems within a vendor (e.g.,

IBM DOS, OS, VS, HASP, MVT, etc) and with other vendors and

their variations.

-- Compatabi[itv in SyStOm d.]ta management procedures (within a

given vendor or given vendor to another vendor.

- Compatability in the relative intelligence built into the original

versus the reciplent environment the amount of Ifrogrammed

1-2
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information which is or is not required by the prograr

depending on the computer environment).

A. 'I 'ABT I I.I'[ C %UYS

1. 3. 1 [he iJSALSC has tasked SAI Cn,msvstems (orpcration ii '.eliver,

Order Number 9 of Contract l)AHC26-76-D-1004 to study tt., q,,;t ;,w i of

poctah I Ii tv in the context of the command ,nv i rnmvn: . The i inal

oticument , ::oItware Portabhility Study - Volumes I and II was delIvered

on April 15, 1977. In the course of this study, the followin F items

were considerel in the torm , ,omnpari sons-similari ties and disimilar-

ities.

* COBOL - Programming language study.

* Job Control Language (JCL) study.

e Executive Software Study (as applicable) in the

domain of Operating Systems Environinent.

e Computer Hardware Study.

Thi s study was conducted using USA(SC minimum hardwar, ,:.,fig-

t!ration re(quire ments as the norm. All soltware compari:,ons art- 6ased

oil iurrent ver ,ions of the language, JCL, and Executive So!tware as

u.,-ci hv USACSC. The vendors considered include: Burroughs 3500, ,"

1300, 6h00 and 7600 Series, Honeywell 6000 Series, Univac 110 Sries,

Plat., (;encrlI E-lipc, Digital Equipment Corp. PDP 11, and Interdata 8/32.

Also included in the language (COBOL) study are USACSC COB)l1

and ANSI '74 COBOL.

I- .



The purpose of thi,; extensisio i., to tak, t;SACAC COBOL and

constrain it to become portable s;o taL t 111k. po t bl, CB)(L is usable

by the PDP 11 - hardware environment.

1 4 DOCUMENT STRUCTURE

Chapter 2 of this document presents the gcern Icope : tn."

study. Chapter 3 presents the methodology t ,,,irortink- 'S\ACSC COBOl. to

Portable Standard COBOL (PSC) (Ref: Progranmiiwn - :'LLedure.-..X. :aI

USACSC 18-1-1, Optimal COBOL Subset for Sol tw. r, i'ort ihi iity

'LkA(;29-77-(;-O058) as well. as the PSC to PIP 11 (t.oi;l. (Rel: Opt injo

COBOL Subset for Sot tw.iL Portability DAA(;29-77--(;-0058) ; PDP-I l 2OB()!

t.ser's Guide No. DEC--I -LCUGA-B-D). Appendix A consists ot a heirar ;Iv

chart and the detail conversion process for I'SAC YL CntBOL to PSC. Append:ix P

consists of a heirarchy chart and the detail conversion process ior PSC

to PlP 11 COBtI..
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CHAPTER 2

STUDY SCOPE

2.1 INTRODUCTION

This chapter presents the sope of the modification to the original

Software Portability Study delivery order and some general understandings and

concepts required to complete the task.

2.2 TASK MODIFICATION

Where the portability study included many aspects of the porta-

bility question, the modification concentrated on the methodology of achiev-

ing the conversion of systems written in COBOL. Specifically, the conversion

of systems written in accordance with USCSC standard to an intermediate

COBOL language and thence to a specific hardware dependent COBOL, PDP 11, is

being determined.

2.3 BACKGROUND

2.3.1 The methodology being evaluated and presented in this documfent

is general in nature and applicable to both manual and automated modes of

operation. The stress has, however, been placed on an automated mode of

operation where problem areas are noted and manual intervention is required.

2.3.2 D)ue to the complexity of converting COBOL svstems from one

hardware vcdor to, o,,ther, it Is evident that no automated mode of conver-

j:im wi I h sell -sml iclent. Too m:nv inconsistancies occur between vendors

iit'mi'llitt'd COBl. evi-o though the vendors indicate that thot language imple-

ncntvd ic; in acordancev with in ANSI standard. 'rhest inconstancies appear in

2-1
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two foras:

" The entire set of ANSI (U~).is nut implemented.

* Vendor extensions have been implemented to fully

til Iize the_ Uniqut2 t eatures of the vendor hardware.

2. 1. 1 A,4 ill] I Catted ill the por-tab iI Ity studY -eport , the strict adh~er-

onceC to progi.anuninL' systemTs as a minimal subset (I.e. , COBOL statements

implemented by all vendors) to achieve portability, too severely restriCts

the prOgrammer in capablifty and makes systems thus programmed inefficient on~

1I h~irdware system ?n which it is- e-xecLuted. Therefore, .although the portable

COO.Lu n-hich systems arc programmed and maintained may be a mininalsust

the translation from this language to any hardware dependent COBOL must attempt

tj transform the portable subset into the maximum vendor subset possible to

obtain maximumi efficiencv,. The trade off in this philosophy is that the great-

,er the vendor subset attempted, then the greater the complexity of the

translintor.

2.4 TRAN'SLATOR TRADE-OFF

2.4.1 The criticail point in this trade-off is iien the cosL of develop-

ing the translator exceeds the expected level Of manuaMl intervention in

moditvin,4 the code based on error messages, The translator defined as a

-t;1 )t his effort has been de.signed with an attempt to minimize the trans-

1-itr devi-lopment cost and manual intervention and yet enable the utilization

to .1mix imumu targct CI )I gibst

.4. 2 1 he ;roe( ol I hi. c:. t euit.ion i;suimarized in the block diagram

(r tj 2 - ). Hic ;ulpro~tcI 1 a1)-chieve portability in two staiges. The

rstthewill .oompli- Ithe (onversion of 17SACSC COBIOL to an intermediate

2-2



I USACSC

COBOL
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Semi-Automat ic

Source

Convention-1
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PORTABLE
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Semi-Automatic
Source
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SOURCE
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COBOL. I a ngualQ L, It mciit vt Ii is C() . se-t , :i re conuutiniti by ni v r ,i

of F lori da and dig~ de JUpon bv L:: txC,. a subset ,I ANSI '74(bL

rhroughour the studN , this in terinediate CO)BOL wil I h rt-fel-rr

Po r table S tand(Iar d CO BoL (P 1) W Al1so, PDS, beiu& tlie rc

(eve rv eiient in t he~ -;uset is pi esen t in the set) oAN SI .

be a usable COBIOL on all heit C014PULLts that -sLyjwrt : u, I AN>

2. I he (, nd >uta'ge' is to t ranslate P[DS to Pill i t r

L) th e id t s i re, d hri rdwa re t.-n v i i unt, iit . 1iS C Oenve r. i ion h a 1 been 3i LM: ie

keeping in iin~i tl,, pres (nt state itt the art ter the 1.1.vie :
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CHAPTER 3

CONVERSION PROCEDURES

3.1 INTRODUCTION

The primary function of these conversion procedures is to assist a

programmer to achieve a conversion smoothly. Given a definite target COBOL

environment, one can design a system that will allow a conversion. These

conversion procedures serve dual purposes. It guides towards a design logic

for conversion as well as lists many abnormalities that need to he resolved

before automatic conversion can be achieved. This chapter discusses in

detail the rationale and procedure for conversion of COBOL code maintained by

( SACSC to the Portable Standard COBOL (PSC) to PDP 11/70 COBOL. Also

included is a discussion of Appendix A and B.

3.2 CONVERSION SCOPE

3.2.1 The conversion process is being presented strictly in terms of

the COBOL language. The major consideration in this process is in terms of

those capabilities of the compilers used to prepare the code for execution.

JCL or Executive Software are identified only if a given function is not avail-

able in the target COBOL.

3.3 APPENDIX DESCRIPTION

3.3.1 Two appendicies are provided as part of this document. Appendix

A presents the conversion process for USACSC to PSC Appendix B pre-

sents the conversion process for PSC to PDP 11/70 COBOL. Each

appendix consists of a heirarchlal chart and a series of IPO's required for

3-1
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the conve rsion p rocess.

3. 3. 2 The first Ifigure in each appendix is a heirareliial repre-sen tat in

of all the statements available for conversion from the source computer.

3.3.3 The numbering technique follows the heirarchy convention by

levels, i.e.,

level 1 - n

level 2 - n.l; n.2,

level 3 - n.1.1; n.1.2,

level 4 - n.1.1.1; n.1.1.2,

and so on.

3.3.4 After page I in each appendix, there follows i~ set of detailed

input-process-output (IPO) . On every, page, of this 1PO, one lowest levc-l (-OBW,

element conversion is described. All 11'0's adhere to the same format.

The input of IPO is a COBOL source (element). The process part of 'IPO kdosc:.hbc:

the methodology and/or logic required to decide the outcome. The output section

of IPO describes the final result of the translation process.

3.3.5 Throughout the IPO's, all ANSI '74 COBOL syntax conventions are

as ed. Phe only liberty taken is the shading of an option of the input eleme;-iL

tn indicate that the option is a problem area in conversion. Also, for an

*-,1emr-nt with multiple options, if some options are not directly transferrable,

tht -fiott ,ection indicates this by showing possible translations as described

ill 1111e process, :ection. Also, for the sake of completeness, one lowest level

-e llt-111 wav appeal It meore than one place In the heirarchy chart; however, thev

all point to tite -ame detail IPO page.

3-2



3.3.6 The usefulness of IPO's became apparent during an attempt to

convert a program from USACSC COBOL to PSC. The following is an

example indicative of the method of using the IPO's. The programmer perform-

ing the conversion is assumed to be familiar with both source and target

COBOL systems.

1. Find the IPO corresponding to the source statement. Use

heirarchial charts by division as a quick reference.

2. Follow the procedure listed in the process section of the

IPO.

3. If a warning message is indicated, several situations may

have occurred.

a) A portion of the source statement is omitted

from the output as it is not required in the

target COBOL. However, the omission must be

accomplished in the JCL.

b) A portion of the source statement is omitted -

not required by the targeted environment.

3.4 RESTRICTIONS AND LIMITATIONS

During the entire study, only one area has not been discussed. This

is the restrictions and limitations of the compilers for which these conversions

are being specified. A thorough check of the target compiler together with

practical investigation is a must at this stage. Some of these areas are:

3-3



1. N Umbe r Of (.0 '1''- avai lab ic in a GO TO -

DPN(; UPON cIcs

. TOtal. number Of DeSt ing levels avai libilc

inag iVen CoMpiler.

3. Nmingconventions.

f.4. Reserved word list.

N 1n1hr )I h i Ls to I byte .

i d 1) and i'oi i i i i i g nmnit it

N/II. N ne r i (- ,tuoragv 0 rmniat .

8. 1 i at inll)', flc

Even though this stutdy covers all the aspects of COBOL convc-rs

.,tth reo rect to UbACSC and PSC Ithis i s by no means a lti1 L

'on1ve rs ion. Onfg mus t also conve rt t he da ta f rom t he olId envi ronmen ttt

Ti(-: environiment hefore a successful execution is Possiblec. Also all Lthc, sub-

itiinos , utiliies and any macros must be converted to the new nioect

mn rt priogram (xecit ion. Finally,, 1CL conversion must ailso be copfod

-i1-0 JC ck ' 11 onvers ion might effect sour,'e code in the Tiew environ-



APPENDIX A

USACSC COBOL

TO

PORTABLE STANDARD COBOL (PSC)
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APPENDIX B

PORTABLE STANDARD COBOL (PSC)

TO

PDP 11 COBOL

I-



1t3 l4l rA:& lS:, :;VISION

FA ID,1" 2,0

IIS.Aj WI. ' ON.05c

FNI V 5E IRU NI A IAt - O..s I L LT 2.36

-11A A _ . ... . . .?

TKANSLATE CONIFI LI4 I,-, RAI' 1.A -,. V-1 , I , I a I...
SPktl iON 2.3.1 L.I ______

C(AF I.AIION-SE(IO. 2.1.1.,, AS -'. tR.A.15 T! :
StULIK -COI' VTER 2.1....' I . ...

OUEL 1 -,'0 K)lTIrtFR 2. 1 . 1 .

COPY 2.3 1. I .

15.35,605 .+. .. . . :0 5 T -.

kfCOR EY 2..2.
ALYTLMATIVI KEY 2.1.2.

TK,.;.,-AIE .AA DIISIO0 N .. - A CC'FS ...

TASAEFILE 2.2.177j It- ST --. -1

SECIIOS~~~SE-.O 7...IAX GRN~SO~.L, 2

wS LArTE R 2.2.1. 1 i aT.i2.2.1 ICI.2.I.O

S ItP: I ' 2.2.2. f
3V L','F 2.2.2.-

IOCK CONTAIN. USA'" I 2'..:.
b

RECORD CONTAINS 2.2.1..2 1 .7-. c8b 2.2.2

VALUE Of 2.2.1.1.3 ILEDLFI43 2.2.2.9

DATA P.FCORD 2.2.1.1.4 SIC4 iS 2 2.2.

LIRAGE IS 2.2.1.1.5 oCCVRS
SYlCMRONIZED 2.2.2.11
66 evel 2.2.12

88 1ewl 2.2.2.13

TRANTE
'

PROCEDU DIVISION 2.3 - -

SEQUF14CE CONTROL 1-0 2.1.2 ARITWOrTIC 2.3. 1TA Y EYP.1 _____

ALTER 2.3.1.1 ACCSPT 2. .2,1 A D c. 3.. ', '.2.2.,F.
CALL 2.3.1.2 CLoSF 22.2 3 1 k OS A..3. .
C3PY 2.1.3 DELETE 2.3.2.3 23..1.3! 2.3.-OV SEA R .:

ENTER 2.3.1.4 DISPLAY 2.3.2,14 COMPUTE 2.3.3.2 SERCN 2.3...C

EXiT 2.3.1.5 MEERGE 2.3.2,5 DIVIDE 2.3. . 3.1. 24...
GO TO 2.3.1.6.1- OPI 2.3.2 6 2.3.3. .. SET 2.1. . 3.

2.3.1.6.2 READ 2.3.2.7.1- 2.3.1. ..
P3lFO IM 2.3.1.11- 2.3.2, .2 INSPECT 2.3. 3 ... 14 STRING 2.3.-+3.

2.3.1.7.2 RFIEA ..E 2.2.2.8 2. 3.3.4.2 UINSTI'11 2.1.5
AETURN 2,3.1.8 IEWSI rE 2. 1.2,5 5.T"PLY 2. 3.3.5.1'1
START 2.3.1.9 WRITF 2. 121.10.1 2.3.3.5.2
STOP , 3.1.10 2.3.2.10.2 SUITRACT 2.3.3.6.1.

S 2.3.3.6.
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